Backgound: Several clinical risk factors for patients undergoing liver resection for colorectal liver metastases were suggested. The purpose of the study was to evaluate the prognostic factors for survival after resection of liver metastases from colorectal cancer in a high volume center for both hepatobiliary and colorectal surgery. Methods: We completed a retrospective analysis on 655 consecutive patients with liver resection for colorectal cancer metastasis operated in our centre between April 1996 and March 2016. Preoperative, intraoperative, pathologic, and outcome data for patients undergoing liver resection for metastatic colorectal were examined. Univariate analysis followed by multivariate Cox regression analysis was performed in order to identify the risk factors associated with prognostic factors related to survival. Results: There were 371 men (56.65%) and 284 women (43.35%), with a median age of 60 year-old (range 24 to 84). The primary tumor location was colon in 454 cases (69.31%) and rectum for 201 cases (30.69%). Synchronous tumors were resected in 353 cases (53.72%). The surgical mortality rate was 2.95%. The 5-year survival rate was 29.2%, and the 10-year survival rate was 17.1%. Four factors were found to be significant independent predictors of poor long-term outcome by multivariate analysis: bilobar liver metastasis (p = 0.003) with HR 1.653 (95%CI 1.180 -2.316), non-R0 resection (p < 0.001) with HR 6.066 (95%CI 3.508 -10.489), N2 lymph node stage (p = 0.007) with HR 1.528 (95%CI 1.125 -2.075) and lack of adjuvant chemotherapy (p = 0.046) with HR 1.703 (95%CI 1.009 -2.873).
Prognostic Factors for Survival after Resection of Liver

INTRODUCTION INTRODUCTION
Colorectal cancer (CRC) is the third malignancy among the adult patients, representing the third cause of cancer-related death (1) . The main cause of decease in these patients is the metastatic disease, with more than two thirds of them presenting liver metastases at the time of death (2) .
In present, the treatment of these patients is multimodal, involving liver resection, ablative therapies, systemic or loco-regional cytotoxic treatment, targeted therapies and immunotherapy.
A recent study revealed that the only independent factors associated with improved survival in patients with metastatic colorectal cancer were the increased number of patients undergoing liver resection for liver metastases and the use of new oncologic drugs (e.g. Oxaliplatin, Irinotecan, Bevacizumab, Cetuximab, Panitumumab) (2) . However, the 5-year overall survival rates achieved by liver resection in patients with colorectal cancer liver metastases (CLMs) vary on a large scale among centres, ranging between 25% and 58% (3) (4) (5) (6) (7) (8) (9) . One of the explanations for these results is the difference between centres regarding the selection criteria for hepatectomy. Another explanation may be the differences in indications of oncologic therapies in different centres (e.g. preoperative chemotherapy is routinely recommended in some centres, while others offer this treatment only in patients with more advanced disease).
Because the factors related to the primary tumor, metastases and response to chemotherapy largely differ between patients, in order to perform a comprehensive comparison it is advisable to compare the patients with similar prognosis after liver resection.
Therefore, identification of the factors that significantly influence survival in patients who underwent liver resection of CLMs is tremendously important. This allows stratifying patients based on their prognostic factors, eventually leading to a tailored therapy for each group. Thus, in patients with poor prognostic factors, an aggressive chemotherapy regimen could improve the life-expectancy. Moreover, identification of the prognostic factors may be useful in stratifying patients for clinical trials, in order to compare the advantages offered by several therapies (such as ablative therapies or adjuvant and neo-adjuvant chemotherapy) in patients with similar prognosis.
Such factors have been evaluated in many other studies, but the results were not uniform (10) (11) (12) (13) . Taking into account the results reported by previous studies, this paper analyzed a large experience of liver resection for CLMs at a tertiary referral centre, in order to identify the factors that significantly influence overall survival in such patients. Finally, it was attempted to create a clinical scoring system able to stratify patients with CLMs for liver resection and clinical studies.
MATERIAL AND METHODS MATERIAL AND METHODS
All the patients with CLMs who were operated with curative intent in "Dan Setlacec" Centre of General Surgery and Liver Transplantation from Fundeni Clinical Institute, Bucharest between April 1996 and March 2016 were included in this study.
Selection criteria for liver resection were: medical fitness for surgery, anticipated ability to perform a complete resection (R0) of CLMs, the volume of functional liver remnant (FLR) after hepatectomy more than 25-30% of total liver volume, the ability to perform a complete resection of extrahepatic disease in patients with concomitant extrahepatic metastases (EHMs).
Preoperative assessment of patients included abdominal and pelvic contrast-enhanced CT scan or MRI, at least chest X-ray (until 2006) and thorax CT scan (since 2007), as well as PET/CT when suspicion of extrahepatic disease were raised (since 2014). When symptoms raised the suspicion of bone metastases or central nervous system metastases, bone scintigraphy and head CT scan, respectively, was performed. In patients operated as emergency due to the complications of the primary tumor, when preoperative CT scan was not performed, intraoperative exploration was the method for identification of CLMs. All these patients had preoperative chest X-ray and underwent postoperative CT scan during the first 3 months after primary resection.
The data regarding clinical characteristics of the patients, the characteristics of the primary tumor and metastases were identified from hospital charts, discharge letters from other hospitals (in patients undergoing primary tumor resection in other hospitals), Liver resection database, and Operation database of "Dan Setlacec" Centre of General Surgery and Liver Transplantation from Fundeni Clinical Institute.
CLMs were considered synchronous when they were detected before or during the operation addressed to the primary tumor, in patients who underwent preoperative CT scan. When CT scan was not performed preoperatively, if the metastases were detected at the CT scan performed during the first 3 months postoperatively, they have been considered also synchronous CLMs. Bilobar distribution was considered only in patients presenting two or more CLMs and not in patients with a single metastasis. The number and maximum size of metastases are based on the pathologic report after liver resection. CLMs were considered initially unresectable when the evaluation (in our centre) of imaging performed at the time of their diagnosis revealed that a complete resection would not spare at least 25-30% of total liver volume. Liver resection was considered a major hepatectomy when 3 or more liver segments were entirely resected. The resection was defined R1 when pathologic examination revealed microscopic involvement of the cut-surface of the specimen and R2 when pathology report disclosed macroscopic involvement of the cut-surface of the specimen or when the surgeon left in place macroscopic tumoral tissue (either hepatic or extrahepatic).
The following data were evaluated: age, gender, location of the primary tumor, pathology data of the colorectal lesion (T, N), timing of CLMs detection (synchronous vs. metachronous), maximum metastases diameter, number of CLMs, uni/bilobar distribution, initial resectability, surgical details (type and extent of liver resection), completeness of resection (R0 vs R1/R2), presence of extrahepatic disease, CEA and CA19-9 levels, the use of neo-adjuvant chemotherapy and adjuvant chemotherapy, as well as the mortality and overall survival rates.
Postoperative mortality was defined as the decease of the patient during hospitalization or within the first 30 days after hepatectomy.
The overall survival (OS) was defined as the interval between the liver resection and the last follow-up or the date of patient's death.
Patients who died postoperatively were excluded from survival analysis, as well as the patients who were lost at follow-up.
Follow-up was performed by personal contact with the patient, the patient's family, or the attending oncologist.
In some patients, reliable data were not available for certain parameters. That lacking data occurs mainly in patients operated for their primary tumors in other hospitals or those who were not followed in our institution.
Continuous data is presented as median. Categorical data is presented as proportions. Using the Kaplan-Meier method differences in survival were examined using the log-rank test. To evaluate independent risk factors associated with OS, multivariate Cox proportional hazards regression analysis was used. In multivariate analysis were included the parameters that were correlated at univariate analysis with p value < 0.10 (except the CEA and CA 19-9 level -missing data in more than 66% patients).
After identification of independent poor prognostic factors, the patients were divided in three groups according to the number of these parameters present in each patient. The OS rates for the three groups were compared with log-rank test, to assess if these factors are able to accurately stratify the patients regarding their prognosis.
A two-sided p value lower than 0.05 was considered to be significant.
Statistical analysis was performed using SPSS software package, version 20 (SPSS Inc, Chicago, IL).
RESULTS RESULTS
Between April 1996 and March 2016, 678 patients with CLMs underwent liver resection.
The postoperative mortality rate was 2.94% (20/678 patients). These patients were excluded from survival analysis, as well as the patients who were lost at follow-up (3 patients). Thus, 655 patients were analyzed for identification of prognostic factors for long-term survival.
Demographics
There were 371 men and 284 women, with a median age of 60 year-old (range 24 to 84); 443 were younger than 65 year-old.
At the time of last follow-up, 479 patients had died; median time from liver resection to the last follow-up 26.2 months (range 1.2 to 143.2 months). One hundred seventy six patients were alive at the last follow-up (median 55.8 months, range 19 to 197.6 months).
Primary tumor characteristics
The primary tumor was located in the rectum in 201 (30.69%) patients, in the right colon in 20.12% patients and in the left colon in 49.19% patients. The majority of patients (387 -79.79%) presented with T3 colorectal cancer, while T4 primaries were present in 64 (13.20%) patients and T2 primaries in 34 (7.01%); missing data in 170 patients. Four or more regional lymph nodes present metastases (N2) in 149 patients, while 317 (68.02%) patients presented 0-3 metastatic lymph nodes (N0/N1); missing data in 190 patients. At the time of primary tumor diagnosis 353 (53.72%) patients presented CLMs (synchronous metastases), while in the other patients (302 -46.28%) the metastases developed metachronous.
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CLMs features
The median size of liver metastases was 3.5 cm (range 0.3 to 24 cm); 437 (67.33%) patients presented CLMs smaller than 5 cm and 212 (32.67%) patients with CLMs larger than 5 cm (missing data in 6 patients). The number of liver metastases was 4 or more in 82 (12.51%) patients. The metastases presented bilobar involvement of the liver in 181 (27.77%) patients and 471 (72.23%) patients have monolobar CLMs; missing data in 3 patients. In 44(6.72%) patients, CLMs were deemed as initially unresectable at the time of their diagnosis, being rendered to resectability by one of the following onco-surgical strategies: resection after portal vein ligation (10 patients), "two-stage" liver resection (5 patients), resection after down-sizing chemotherapy (4 patients) or combination of liver resection and ablation (23 patients). Liver metastases were associated with extrahepatic disease in 69 (10.53%) patients (colorectal hepatic and extrahepatic metastasesCHEHMs).
Liver resection
Non-anatomic hepatectomy was performed in 479 (73.12%) patients, anatomical resection was performed in 133 (20.30) patients, while in 43 (6.58%) patients an anatomic liver resection was associated with a nonanatomical procedure. A major liver resection was performed in 123 (18.78%) patients. A tumor free resection margin was achieved in 620 (94.65%) patients.
Chemotherapy
Preoperative (neo-adjuvant) chemotherapy was used before liver resection in 169 (25.92%) patients, while 483 (74.08%) patients underwent up-front surgery; missing data in 3 patients. Data about postoperative chemotherapy regimens were available in 287 (92.58%) patients, while 23 patients did not receive postoperative chemotherapy. For 345 patients the data regarding chemotherapy were not reliable (patients who were oncologic followed in other institutions and unable to mention the chemotherapy regimen).
Tumor markers
The median level of CEA was 18 ng/ml (range 1 to 1264 ng/ml), with lacking data in 430 patients. The preoperative level of CA 19-9 was available in 190 patients, with median level 31 U/ml (range 0 to 1200). Because the level of tumor markers was not available in more than 66% of patients, these parameters were excluded from multivariate analysis.
For the entire group the 1-, 3-, 5-and 10-year OS rates were 87.2%, 48.5%, 29.2% and 17.1%, respectively, with 35.5 months median survival. To assess if the long-term outcomes changed over the time, the entire period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) 
Univariate predictors for long-term survival
No one of the demographic parameters (age or gender) has a significant impact on OS after resection of CLMs (p value> 0.05) (table 1).
Among the factors related to the primary tumor, the primary tumor location (rectum vs. colon, or right colon vs. left colon) and the timing of CLMs development (synchronous vs. metachronous) had no significant impact on OS (p value> 0.05) (table 1). The grade of parietal wall penetration by the primary tumor significantly influences the OS, with T2 patients achieving the highest survival rates and T4 the lowest survival rates (p value = 0.034) ( fig. 2) . Metastatic involvement of 4 or more lymph nodes (N2) was significantly associated with lower OS than in N0/N1 patients (p value < 0.00001) ( fig. 3) . Surgical factors that significantly improved OS were minor hepatectomy (higher survival rates than major hepatectomy -p value = 0.046) ( fig. 7) and the ability to perform R0 resection (significantly better OS than in patients who underwent R1/R2 resections -p value < 0.00001) ( fig. 8) . 9) . In univariate analysis, increased preoperative levels of both CEA and CA 19-9 were predictors for poor outcome (p value< 0.05) ( fig. 10 and 11) .
The concomitant presence of hepatic and extrahepatic metastases significantly decreased OS compared with patients with liver-limited metastases (p value < 0.0001) ( fig. 12 ).
Multivariate analysis of predictors for OS
To determine the independent predictors of OS after resection of CLMs it was performed a multivariate analysis. The multivariate Cox proportional hazards regression analysis was carried out by using the parameters that generated a p value < 0.1 at univariate analysis. Because of the very high number of patients with lack of data on CEA and CA 19-9 levels, these two parameters were not incorporated in multivariate analysis. Thus, the variables analyzed were: T status, N status (N0/N1 vs. N2), maximum diameter of metastases (< 5 cm vs. > 5 cm.), number of CLMs (< 4 vs. ≥ 4 metastases), metastases distribution (uni-vs. bilobar), extent of hepatectomy, completeness of resection (R0 vs. R1/R2), adjuvant chemotherapy and extrahepatic disease (table 2). The independent prognostic factors for poor OS in patients who underwent resection of CLMs were: incomplete resection of metastases (R1/R2 -which increased the likelihood of death of 6 times), bilobar distribution of CLMs, 4 or more metastatic regional lymph nodes (N2) and lack of adjuvant chemotherapy (increasing the risk of death of 1.65, 1.52 and 1.7 times, respectively).
Allocating 1 point to each of these independent prognostic factors, we stratified the patients in this cohort in 3 groups: group 0 -patients who did not present any of these poor prognostic factors, group 1 -patients with only one prognostic factor for poor outcome and group 2 -patients presenting 2 to 4 prognostic factors. The median OS rates for group 0, group 1 and group 2 were 49, 37 and 21 months, respectively (p value < 0.0001) (Fig. 13) . The survival analysis for these groups revealed that the combination of identified prognostic factors is able to accurately stratify the patients in terms of OS. 
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DISCUSSION DISCUSSION
Although the presence of liver metastases in patients with colorectal cancer represents an advanced stage of disease (stage IVA in 8th edition of AJCC staging system), the survival of these patients was significantly improved during the last three decades by the use of liver resection and oncologic therapy (cytotoxic agents and monoclonal antibodies) (2) . Currently, it is universally accepted that liver resection is associated with the highest survival rates (3, (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . Even in the present study the 10-year OS rate was 17.1%, similar to those already reported in the literature (10, 14) . However, the results of liver resection for CLMs are not uniform. There are patients who experienced prolonged survivals or even cure, as well as patients with very low OS rates. In such instances, many authors tried to discover the predictors of long term survival, to identify the patients who benefitted the most from liver resection. Moreover, the knowledge of prognostic factors helps in tailoring an individualized therapy.
The results of earlier studies were heterogeneous, with multiple clinico-pathologic factors associated with OS. Guided by these results we have also incorporated in our analysis most variables identified in previous studies (10) (11) (12) (13) 15, 25) . Similar with earlier analyses, demographic variables such age and gender were not associated with OS in the present study. Unlike recent reports which revealed that right sided colon tumors were associated with poorer OS after resection of CLMs (26, 27) , in the present analysis, the location of the primary did not significantly influence survival. Metastatic right sided tumors portend a more aggressive biology (than left-sided tumors), reflected mainly in more frequent hepatic and extrahepatic metastases and unresectable CLMs, but the influence of the primary tumor sidedness in patients with resectable CLMs was not proved in our series. The other variables related to the colorectal tumor (T status, N status) significantly impact OS in univariate analysis, but only the presence of 4 or more metastatic lymph nodes (N2) was a significant independent prognostic factor for lower OS. These results are similar to those reported by Yamaguchi (28) . The other scoring systems (10-13), use as independent prognosis of poor survival the presence of regional lymph node metastases, irrespective their number, undiscriminating between N1 and N2 patients. Nordlinger and Nagashima found that T3 and T4 colorectal tumors were independent prognostic factors for decreased OS, but the percentage of T1/T2 patients in their studies (similar with this study) was very low (11, 12) .
The timing of CLMs development (synchronous with the primary tumor or metachronous) has no significant influence on survival, although Konopke et al. identified the synchronous CLMs as independent prognostic of poor survival (13) and incorporated this parameter in their clinical scoring system. Moreover, synchronous metastases could be seen as a surrogate of poor prognosis in the studies of Nordlinger and Fong (they found disease-free interval < 24 or 12 months, respectively, as independent predictor for decreased survival) (10, 11) . However, the group from Fundeni Clinical Institute reported similar OS rates between patients undergoing liver resection for synchronous vs. metachronous CLMs, since 2009 (9, 29) . In previous studies, initial resectability came up as prognostic factor for better survival in univariate analysis (8, (30) (31) (32) , but no one of the scoring systems elaborated until now includes this parameter as independent prognostic factor for OS. In the present analysis, the OS of initially unresectable patients rendered to resectability was not statistically significant lower than in initially resectable CLMs group (univariate analysis).
In contrast with most studies dealing with the subject of prognostic factors after CLMs resection, in the present series, the only parameter related to the liver metastases that independently influences OS was bilobar distribution, which increased the likelihood of death of 1.65 times. The bilobar distribution was also introduced as prognostic factor in MSKCC nomogram (33) , but the other scoring systems did not incorporate this factor as prognostic for poor OS (10) (11) (12) (13) 28, 34, 35) . The number of CLMs (cut-off value of 4), as well as their maximum diameter (cut-off value of 5 cm) were not identified as independent prognostic factors in multivariate analysis in this study, although 4 or more CLMs and metastases larger than 5 cm were significantly associated with lower OS in univariate analysis. This finding may be explained by the frequent use in this cohort of modern adjuvant chemotherapy and targeted therapies (in patients who recurred after liver resection), which may have more impact on survival than traditional parameters related to CLMs (36) .
Unlike the previous studies which incorporated in analysis only clinico-pathologic variables, the present study also evaluated the effect of the factors related to the surgery and adjuvant therapies (that may be correlated with survival). The factor that most influenced the OS was related to the surgery, with R1/R2 resections increasing 6-fold the risk of death. Similar results were reported in most studies (10, (37) (38) (39) , although recent papers suggested that the results of R1 resection are mitigated in present by the effective oncologic therapies (40) (41) (42) (43) (44) (45) . However, prospective R2 resections are still an absolute contraindication to liver resection for CLMs and whenever possible, a negative resection margin larger than 1 mm should be achieved (36, (46) (47) (48) . To evaluate the potential benefit offered by preoperative (neoadjuvant) or postoperative (adjuvant) chemotherapy in patients undergoing hepatectomy for CLMs, this study also evaluated the effect of these two parameters. Neoadjuvant chemotherapy had no impact on OS, but adjuvant chemotherapy significantly improved survival, both in univariate and multivariate analysis. Thus, the lack of adjuvant oncologic treatment increases the likelihood of death 1.7-fold. Identification of the adjuvant chemotherapy as independent prognostic factor for prolonged OS supports the above mentioned hypothesis that modern effective chemotherapy mitigates the traditional tumor and patient characteristics correlated with poor survival. The influence of better surgery and evolving oncologic therapies on CLMs patients' survival is also reflected in changing trends of OS over the time period of the study. Thus, during the initial period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) Surprisingly, unlike most studies (3, 10, (49) (50) (51) (52) , in this study, the presence of extrahepatic disease was not found as an independent prognostic of poor OS; although in univariate analysis, the OS rates of patients with concomitant extrahepatic disease were highly significant lower than in patients with liver-limited disease (p value < 0.0001). This fact could be explained by the higher proportion of patients with extrahepatic disease who underwent R1/R2 resections (28.9%), that may induce a bias in independent analysis of this parameter (the effect of the presence of extrahepatic disease could be mitigated by the prognostic effect of incomplete resection). However, our results confirm that the concomitant presence of extrahepatic disease (stage IVB -7 th edition of AJCC staging system) is no longer an absolute contraindication of hepatectomy in such patients, in prospect of complete resection of tumor burden (R0 resection). Authors from high volume centres specialized in oncologic surgery provided similar recommendations during the last decade (14, (52) (53) (54) (55) (56) (57) .
The four independent prognostic factors were incorporated in a risk scoring system by attributing 1 point each. Thus, the risk score ranges from 0 to 4. The patients who did not present any of these factors were included in group 0 (risk score -0 points), the patients with one prognostic factor were included in group 1 (risk score -1 point) and the patients who cumulated at least two prognostic factors form the group 2 (risk score -2-4 points). The difference in OS rates among the three groups (compared by log-rank test) was highly statistical significant (p value < 0.0001). Thus, this risk scoring system is able to stratify the patients in 3 risk groups (0 points -low risk; 1 point -intermediate risk; 2-4 points -high risk). Although criticisms may be addressed to the incorporation of the therapeutic parameters (R1/R2 resection and adjuvant chemotherapy) in a scoring system, the intention of this study was not to release a clinical risk score system, but evaluate how clinico-pathologic factors and therapeutic approaches influence OS in patients with CLMs. Thus, in patients with favourable clinico-pathologic prognostic factors (N0/N1 and/or unilobar distribution of CLMsgroup 0/group 1) the prognosis is tremendously influenced by an adequate therapeutic strategy. In such patients, high quality surgery (R0 resection) and appropriate oncologic treatment is able to achieve significantly prolonged OS rates (specific to the patients from group 0/1), whereas R1/R2 resection and/or inaccurate oncologic therapy will translate in poor OS (corresponding with survival rates achieved in group 2). By contrary, in patients with poor clinico-pathologic prognostic factors (N2 and bilobar CLMs), the prognosis is mostly influenced by tumor biology and seems to be marginally influenced by therapy (0% 5-year OS rates).
Beside the clinico-pathologic factors identified in most studies, which may stratify patients and contribute to the tailoring of oncologic therapy, recent research has focused on using molecular and genetic biomarkers to identify subgroups of patients most likely to derive benefit from a given therapy and using better estimates of survival to guide individualized patient treatment plans (36, (58) (59) (60) . Adding such biomarkers to the established prognostic clinic and pathologic factors might translate in improved survival rates in specific groups of patients with CLMs.
There are some limitations of our study that we had to consider. Firstly, because the study is retrospective, explained significant amount of missing data for some variables (i.e. CEA, CA 19-9) that ultimately led to their exclusion from the panel used in the multivariate analysis. Secondly, the long duration of enrolment included different periods that had some changes like chemotherapy (from nothing, to 5FU, Oxaliplatin and more recently Bevacizumab or Cetuximab). For this reason we have analyzed only presence or absence of chemotherapy and did not take in account the type of chemotherapy. Thirdly, because all the included patients in our study were Caucasian, it is possible that these findings may not translate to patients of other ethnicities.
CONCLUSION CONCLUSION
In conclusion, this retrospective study (dealing with patients who underwent liver resection for CLMs) revealed that the independent prognostic factors for poor OS were both clinico-pathologic (4 or more metastatic regional lymph nodes -N2 and bilobar distribution of CLMs) and therapeutic (incomplete resection -R1/R2 and lack of adjuvant chemotherapy). These factors are able to prognostic stratify the patients undergoing liver resection for CLMs. In patients with good prognostic factors, an appropriate onco-surgical treatment is of paramount importance to significantly prolong survival, whereas in patients with poor prognostic factors, the tumor biology is less influenced by current oncologic therapies.
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